The interstitial cells of Cajal (ICC) play an important role in coordinating intestinal motility and structural alterations in ICC are found in several human digestive diseases.
Introduction
Intrinsic and extrinsic neurohumoral signals control intestinal motility. An essential part of the system is the electrical pacemaker activity that originates in ICC. These cells are present in close association with smooth muscle cells and neurons of the gastrointestinal tract.
In the mouse, ICC are fully differentiated at weaning , when the animals are given adult diet (13) . The possible role of ICC in coordinating the contractile activity of the intestine has come to light in recent years (17, 38) . Alterations of ICC were reported in a variety of gastrointestinal disorders, including hypertrophic pyloric stenosis (24, 35, 41 ), Hirschsprung's disease (37, 42, 43) , and intestinal pseudo-obstructions (19, 21, 44) . Study of mouse models has proven a valuable strategy to study the cause-and-effect relationship between ICC and motility problems, and Kit/W and SCF/Steel mutant mice have been instrumental for the study of the physiological roles of ICC (reviewed in 30). The Kit signaling pathway is essential for the development and maintenance of ICC (26) . Both Kit and Steel mutant mice exhibit absence of electrical rhythmicity (i.e., slow waves) associated with underdevelopment of certain classes of ICC, including ICC of the small intestine that lie in the plane of the myenteric plexus (ICC-MP) between the circular and longitudinal muscle layers (17, 38, 39) .
The absence of ICC and slow waves in the small intestine of Kit mutant mice was paralleled with altered peristaltic movements of intestinal contents (10) . However, it remains difficult to predict how abnormalities in ICC could influence digestive motor activity in vivo as peristalsis is controlled by multiple, simultaneously operating mechanisms, in particular within the enteric nervous system (34) . Indeed, migrating motor complexes can be recorded in the small intestine even when the ICC-MP are largely missing and slow waves are consequently absent (32) . Further studies are required to determine the exact contribution of ICC to the digestive motor activity. 4 We described here a new mouse model that should prove useful to study digestive motor mechanisms. The PRM/Alf strain was derived from mice of unknown genetic background, it carries the recessive coat color mutation patchwork (2, 4) . PRM/Alf mice were recently shown to exhibit a hereditary increase in intestine length (3) . Here we have investigated the distribution of ICC and the pattern of digestive motility in the PRM/Alf strain, in comparison with two classical inbred strains, DBA/2J and 129S2/SvPa (further referred to as 129S2).
Materials and Methods

Animals
Mice from the DBA/2J and 129S2 inbred strains were obtained from Charles River Laboratories (Saint-Aubin-Les-Elbeuf, France) and Institut Pasteur (Paris, France) respectively. Mice homozygous for the patchwork mutation (2, 4) 
Histology of the intestine
The intestine of PRM/Alf and DBA/2J mice (n=3 and n=4, respectively) was dissected out and 1 cm long samples were harvested from the proximal small intestine (2 cm after the pylorus), the distal small intestine (2 cm before the ileocecal junction), the proximal colon (1 cm after the ileocecal junction), and the distal colon (1 cm from the anus). Samples were fixed for 48 h in 10% formalin in phosphate-buffered saline (PBS), embedded in paraffin, and sectioned at 4 µm. Sections were deparaffined in toluene, rehydrated, and stained with hematoxylin-eosin-saffron. Sections were viewed under a Leica (Rueil-Malmaison, France)
bright-field microscope. The Leica imaging system (QWin software) was used for morphometric analysis. For each sample, at least four measurements per section were made on a minimum of five nonadjacent sections. 
Quantification of
Mechanical activity recording on isolated proximal small intestine segments
Three PRM/Alf and three DBA/2J mice were used. A segment of the proximal small intestine (1 cm in length) was excised from each animal and placed vertically in a 20 ml water-jacket bath (LO1 compact multi-chamber organ bath, Bioseb, Chaville, France).
Tissues were bathed with modified Krebs solution aerated with 95% O 2 and 5% CO 2 and maintained at 37°C±0.5°C. The intestines were allowed to equilibrate for at least 30 min, during which they were subjected to slight tension just sufficient to remove slack in the 7 apparatus. Tension generated along the longitudinal axis of the intestine was recorded with a force displacement transducer (BIOPAC, Santa Barbara, USA), amplified with DA100B amplifier and visualized with the Acknowledge-MP100 system (BIOPAC).
Estimation of the gastrointestinal transit time
Four PRM/Alf and four DBA/2J fasted mice were force-fed with 0.4 ml of a water solution containing 22x10 6 spores of a strictly aerobic and thermophilic Bacillus subtilis strain as an inert transit marker (8, 12, 29) . All faeces were collected after 2, 3, 4, 5, 6, 7, 8, 9, 10, and 24 h. Aqueous faecal slurries were prepared, diluted appropriately, spread on nutrient agar plates and incubated at 65°C for 24 h. Thermophilic Bacillus subtilis spores germinated at 65°C to produce small, white colonies. No other thermophiles could be consistently cultured from faeces under these conditions. From Bacillus subtilis concentrations, the mean transit time (MTT) (h) through the whole intestine was calculated as :
MTT (m i t i )/ m i ,where m i is the number of spores present in the faeces passed at time interval t i (h) (27) . The recovery of the transit marker (range: 50 -97%) was satisfactory considering the partial regurgitation that occasionally occurred during force-feeding.
Measurement of gastric emptying and transit
Ten PRM/Alf and nine DBA/2J fasted mice were force-fed with 0.1 ml of a semi-liquid solution containing Evans blue (5% Evans blue in 0.9% NaCl with 0.5% methylcellulose).
Fifteen min later, they were anaesthetised and a lapatotomy was performed. The stomach was rapidly clamped above the lower oesophageal sphincter and beneath the pylorus to prevent leakage of Evans blue. The stomach was then cut just beneath the clamps. Gastric emptying was determined spectrophotometrically (11) . Briefly, the stomach and its contents were put in 15 ml 0.1 N NaOH, minced and homogenised. After dilution to a volume of 20 ml with 0.1 N NaOH, samples were kept at room temperature for 1 h. Then 5 ml supernatant was collected and centrifuged at 2,500 rpm during 20 min at 4°C. Samples were further diluted and the and DBA/2J (3) adult mice. The difference in intestine length being much more pronounced between PRM/Alf and DBA/2J mice, we used the latter strain in a morphometrical analysis. To check whether the intestine lengthening is associated with an enlargement, we measured the proximal and distal, small and large intestine circumference (Figure 2 ). Proximal and distal small 9 intestine circumferences were not significantly different between PRM/Alf and DBA/2J.
Proximal colon circumference was significantly increased in PRM/Alf mice compared to DBA/2J mice (14.8 ± 1.2 and 10.9 ± 0.6 mm respectively, Student t test, P = 0.01). The distal colon circumference was also significantly increased in PRM/Alf mice compared to DBA/2J mice (14.7 ± 0.7 and 10.0 ± 0.7 mm respectively, Student t test, P = 0.002).
To search a possible alteration of the intestinal thickness in PRM/Alf mice, we established a histological picture of the PRM/Alf and DBA/2J intestinal wall. The crypts height was significantly increased in the distal small intestine of PRM/Alf mice compared to DBA/2J mice (90 ± 3 and 74 ± 4 µm respectively, Student t test, P < 0.0001) but comparable in the proximal small intestine ( Figure 3A ). The height of villi in the proximal and distal small intestine was similar in both strains ( Figure 3B ). The thickness of the mucosa and the submucosa in the proximal and distal parts of the colon showed no significant difference between PRM/Alf and DBA/2J mice ( Figure 3C ). The thickness of the tunica muscularis in the proximal and distal parts of the small intestine and the colon was not significantly different between PMR/Alf and DBA/2J mice ( Figure 3D ).
Quantitative analysis of ICC distribution
Could 
Slow wave frequency in PRM/Alf intestine
Generation of electrical slow waves is an intrinsic property of ICC (23, 25) and regular slow waves occur with the highest frequency in the duodenum (reviewed in 15). To test whether the increased ICC number in PRM/Alf mice was correlated with a higher slow wave activity, we compared the spontaneous electrical activity of isolated small intestines from PRM/Alf and DBA/2J mice. Rhythmic variations of resting membrane potentials were recorded from isolated duodenum segments at 37°C. Slow wave activity was normal in PRM/Alf isolated duodenums ( Figure 6A ) and the slow waves were recorded at a frequency of 53 ± 3 cycles min -1 ( Figure 6B ).
In contrast, the frequency of slow waves in isolated duodenums from DBA/2J mice was 45 ± 3 cycles min -1 . This 19% increase of the slow wave frequency in PRM/Alf intestine was highly significant (Student t test, P<0.0001).
Contractility of isolated small intestine segments from PRM/Alf mice
Intestinal smooth muscle cells contract phasically in response to electrical slow waves (reviewed in 18). To test the possibility that the intestine contractility could be modified in PRM/Alf mice, we isolated small intestine segments from PRM/Alf and DBA/2J mice and measured their contractility ex vivo. Figure 7A illustrates plots of the phasic spontaneous 12 longitudinal contractions displayed at 37°C by proximal small intestine segments without external stimulation. PRM/Alf proximal small intestines displayed phasic contractions at a regular rate. However, the frequency of proximal small intestine contractions was significantly higher in PRM/Alf mice compared to DBA/2J mice (46 and 39 sweeps min -1 respectively, Student t test, P=0.04) ( Figure 7B ).
Gastrointestinal transit time in PRM/Alf mice
The increased contractility of isolated small intestine segments from PRM/Alf mice could The slow wave frequency is species specific and characteristic for each location within the intestine. In C57BL/6 mice, the slow wave frequency reaches 56 cycles min -1 0.5 cm distal from the pylorus, and decreases to 45 cycles min -1 5-8 cm from the pylorus (9). In our experiments, the slow wave activity was recorded 2 cm distal to the pylorus and the slow wave frequency was found to be in the same range of values. As for contractions, the slow wave frequency in PRM/Alf isolated duodenums showed an almost 20% increase compared to DBA/2J (53 and 45 cycles min -1 respectively). The slow waves govern the maximal frequency of the muscle contraction in response to excitatory stimuli from the enteric nervous system. A linear relationship may exist between the slow waves and the frequency of the contractions.
It is established that the slow wave frequency can be modulated. Figure 8
